The relation between diabetes and premature vascular disease is well established [1] and oxidative stress has been claimed as one of the most important pathogenetic factors [2] .
with rheumatoid arthritis [8] , chronic renal failure [9] , septic shock [9] and coeliac disease [10] , whereas nitrotyrosine is generally not detectable in the plasma of healthy subjects [8±10] .
In diabetes a reduction of plasma antioxidant power has been reported [11] and an increased production of O 2 -and NO has also been shown [2±3] . Such evidence suggests that increased production of ONOO -could be favoured in diabetic patients. The aim of the present study was to show the presence of nitrotyrosine in the plasma of Type II diabetic patients and to correlate its concentration with the plasma values of glucose and antioxidant defenses.
Materials and methods
Altogether 40 Type II diabetic patients, on a diet including hypoglycaemic agents therapy (21 men and 19 women; age 56.2 2.7 years, means SD; duration of diabetes 9.2 2.1 years; BMI 26.2 1.2 Kg/m 2 ), gave their informed consent to this study. A total of 35 healthy normal blood donor subjects, matched for sex (22 men and 13 women), age (55.4 2.3 years), and BMI (25.9 1.4 Kg/m 2 ) distribution, served as the control group. All were non-smokers. Moreover, diabetic and control subjects were also well-matched for diet habits, in terms of fruit and fresh vegetables consumption. As previously validated [11] , dietary information was obtained by trained interviewers from a questionnaire whose principles have been previously described [12] . The reliability and validity of this tool for assessing food intake in the population has been already evaluated [13] .
None of the subjects selected for this study was taking hypolipidaemic drugs or was on antioxidant supplementation. None had clinically symptomatic macroangiopathy, as judged by pathological changes in the resting electrocardiogram, a previous history of cardiac angina, intermittent claudication, myocardial or cerebral infarction. None had microalbuminuria or macroalbuminuria or suffered hypertension.
This study was approved by the ethics committee of our institution.
In all subjects fasting plasma glucose, glycated haemoglobin A 1c (HbA 1 c ), nitrotyrosine and total antioxidant parameter (TRAP) plasma values were assessed. Plasma glucose was assayed by glucose-oxidase method. HbA 1 c was measured by HPLC.
Nitrotyrosine measurement. Bovine serum albumin (BSA), tetranitromethane (TNM), IgG secondary antibody, tetramethil-benzidine (TMB), cysteine, methionine, tryptophan, aminotyrosine and phosphotyrosine were purchased from Sigma Chemical Co. (St. Louis, Mo., USA). Maxisorp ELISA plates were from NUNC, Life Technologies (Grand Island, N. Y., USA), IgG monoclonal anti-nitrotyrosine antibody from UP-STATE (Lake Placid, N. Y., USA). Nitrotyrosine plasma concentration was assayed by ELISA as described previously [10] .
Preparation of nitrated protein. Nitrated protein solution was carried out incubating 1 mg/ml BSA in 50 mmol/l KH 2 PO 4 at pH 7.4 for 30 min at 37 C with 1 mmol/l TNM, a very efficient nitrating agent [14] . After adjusting the pH to 10 with 3 mol/l NaOH, the amount of nitrotyrosine present in the TNM-treated BSA solution was measured at 430 nm [14] . Using this procedure the number of moles of nitrotyrosine for each mole of protein formed can be determined directly [14] . In accordance with other reports [4, 16] , the nitration efficiency in these condition was about 10 % of tyrosine residues on BSA nitrated. Nitrotyrosine was expressed as mmol/l of nitrotyrosine-BSA equivalent.
ELISA. A standard curve was constructed by incubating in the wells serial dilutions of nitro-BSA in 0.1 mol/l Na 2 CO 3 -NaH-CO 3 coating buffer at pH 9.6. Plasma samples assayed for nitrotyrosine were diluted up to 5 times. Standard and plasma samples were applied to Maxisorp ELISA plates and allowed to bind overnight at + 4 C. Afterwards, non-specific binding sites were blocked with 1 % BSA in PBS. The wells were incubated at room temperature for 2 h with a mouse IgG monoclonal antinitrotyrosine (5mg/ml) with a peroxidase-conjugated goat anti-mouse IgG secondary antibody diluted 1:4000. After washing the plates, the peroxidase reaction product was generated using a TBM Microwell Peroxidase Substrate. Plates were incubated for 10 min at room temperature and the reaction was stopped with 50 ml per well of stopping reagent and read at 492 nm in a microplate reader [16] .
The concentration of nitrated proteins that inhibit anti-nitrotyrosine antibody binding was estimated from the standard curve and was expressed as mmol/l of nitrotyrosine-BSA equivalents, i. e. an equivalent concentration of nitrotyrosine in nitro-BSA that produces the equivalent inhibition of the nitrated proteins [10] .
The linearity of the ELISA method was confirmed by the construction of a standard curve ranging from 10 to 600 nmol/l nitrotyrosine-BSA equivalent (Fig. 1) . Furthermore, the possible influence of plasma on the assay was exluded evaluating a standard curve diluting nitro-BSA in normal plasma (Fig. 1) .
Because multiple tyrosine residues can be nitrated on a single protein species, a fixed concentration of BSA was nitrated with different concentrations of TNM to evaluate this potential complication on the assay. This nitrated-BSA was then used for the construction of standard curves diluting nitrated BSA in the buffer in the normal plasma (Fig. 1) . No substancial The influence of nitrated aminoacids cysteine, methionine and tryptophan on the ELISA was also evaluated, as previously described [10] . No interference was found. The immunospecificity of the primary antibody for nitrotyrosine was again confirmed pre-incubating samples with different concentrations of nitrotyrosine and/or pre-incubating antibody with nitrotyrosine 10 mmol/l before use in the ELISA. The specificity was also confirmed by the evidence that neither 10 mmol/l aminotyrosine nor 10 mmol/l phosphotyrosine inhibited the binding of the anti-nitrotyrosine antibody.
Glucose interference was excluded performing the ELISA assay of standard solution in the presence of various glucose concentrations (20, 40 and 100 mmol/l). The limit of detection was 10 nmol/l, while the intra-assay and inter-assay coefficients of variation were 4.5 % and 8 %, respectively. TRAP was evaluated according to methods described previously [17] in which the production of peroxyl radicals obtained by thermal decomposition of ABAP leads to a linear decrease in R-PE fluorescence emission over 1 h. When plasma is added to the reaction mixture, a period of complete protection of R-PE is observed. The length of this lag-phase (T) is here taken to be directly related to total plasma antioxidant capacity. To quantify the TRAP, the T produced by plasma is compared to the T produced by a known amount of Trolox. The values of T are calculated by extrapolating the slope of maximal R-PE decay to intersect with the slope of plasma and Trolox protection. The projection of these intersection points on the ªXº axis gives the T values, which represents the time required to achieve the maximal R-PE peroxidation rates. By comparing the T of plasma with the T of Trolox, taking into account the concentration of Trolox (Conc), the TRAP value of a plasma sample is obtained according the following proportion: Conc Trolox : T Trolox = X:T Plasma [17] .
The resulting value of X is then multiplied by 2.0 (the stoichiometric factor of Trolox) and by dilution factor of plasma (250). Values are expressed as mmol/l.
Samples were prepared according to the procedure previously described [17] . The reaction mixture consisted of 1.5´10 -8 mol/l R-PE in 75 mmol/l phosphate buffer, pH 7. A total of 8 ml of plasma or 30 ml of 120 mmol/l Trolox was added to 2.0 ml final volume, and the resulting solution was maintained at 37 C for 5 min in 10 mm quartz fluorometer cells. The oxidation reaction was started by adding ABAP to a final concentration of 4.0 mmol/l, and the decay of R-PE fluorescence was monitored every 5 min on a Perkin-Elmer LS-50 Luminescence Spectrometer equipped with a thermostatically controlled cell-holder; monochromators were operating at excitation wavelength 495 nm/5 nm slit width, and emission wavelength 575 nm/5 slit width. TRAP values were calculated as described above. Intra-assay and inter-assay coefficients of variation for this method were 10 % and 12 %, respectively.
Statistical analysis. Statistical analysis of data was done by means of the BMDP statistical software package. Normal distribution of each parameter was confirmed by a normality test (Shapiro and Wilk's W test [18] ). Data between diabetics and controls were then compared by the unpaired Student's t test.
Linear regression analysis was applied where indicated. Data are reported as means SD. A p value of less than 0.05 was considered significant.
Results
In diabetic patients fasting plasma glucose and HbA 1 c were 10.2 3.1 mmol/l and 7.7 1.9 %, respectively; in normal controls plasma glucose and HbA 1 c were 4.9 0.8 mmol/l and 5.1 0.4 %, respectively.
Nitrotyrosine was found in the plasma of all diabetic patients (means SD = 0.251 0.141 mmol/l), whereas it was not detectable in the plasma of healthy control subjects. Nitrotyrosine plasma values were correlated with plasma glucose concentrations (r = 0.38, p < 0.02) but not with total antioxidant parameter or glycated haemoglobin (Fig. 2) . Total antioxidant parameter (TRAP) was reduced in diabetic patients compared to healthy control subjects (961 23.7 mmol/l vs 1178 197 mmol/l; p < 0.01).
Discussion
Reaction of NO with O -generates ONOO -, which can decompose into products that nitrate aromatic amino acids [4] . Such nitro-aromatics are markers of ONOO --dependent oxidative damage. Because nitrotyrosine, particularly protein-associated nitrotyrosine, is a stable end-product of peroxynitrite oxidation, assessment of its plasma concentration is considered a useful marker of ONOO --dependent damage in vivo [7] .
While nitrotyrosine is generally not detectable in the plasma of normal healthy subjects [8±10), increased concentrations of nitrotyrosine have been found in the plasma of patients with various diseases [8, 9, 10] . In diabetic patients nitrotyrosine has previously been found in the placenta and kidney [19±20] . In this study, detected, nitrotyrosine was also detected in the plasma of Type II diabetic patients. ONOO -generation and the subsequent nitrotyrosine formation could be promoted in diabetes by hyperglycaemia. It has been shown that elevated concentrations of glucose increase NO as well as O -release from endothelial cells [3] , the increase in O -being about twice as much as that of NO [3] . This large production of O -could be explained by the recent finding that endothelial cells are freely permeable to glucose by way of the receptor GLUT-1 [21] . A free glucose supply, proportional to extracellular glucose concentration, will produce, at the mitochondrial level, not only energy, but also a large quantity of O - [21] . In a condition of glucose-induced increased NO release and concomitant prevalent production of O - [3] , NO could be trapped by O -, and ONOO -generation could be enhanced. By such a mechanism high plasma glucose concentrations in diabetic patients could induce overproduction of ONOO -and reduce biological effects of NO. Our data, demonstrating the presence of nitrotyrosine in the plasma of diabetic patients, supports this hypothesis, and the correlation between glycaemia and nitrotyrosine values suggests that hyperglycaemia could be directly involved.
In our study, data on NO and O -plasma concentrations are not available. However, it has previously been reported that in vivo O -plasma concentrations are increased in diabetic patients and correlate with the value of glycaemia [22] . Evidence that the half life of nitrated proteins is about 1.6 h [23] also supports the finding that nitrotyrosine correlates with glycaemia and not with HbA 1 c .
We could not find a correlation between TRAP and nitrotyrosine levels. This could be explained by the fact that while TRAP includes plasma antioxidants such as ascorbic acid and thiol groups which are inhibitors of ONOO --mediated oxidation [7] , an important contribution to ONOO --scavenging action comes from enzymes, particularly superoxide dismutase and glutathione peroxidase [7] , which are not evaluated in TRAP [17] .
The finding that ONOO -production in diabetes appears to increase could have important clinical implications.
Peroxynitrite is a potent oxidant and nitrating agent that leads to a host of potentially injurious events including lipid peroxidation [5] , depletion of antioxidant defenses [24] and inactivation of enzymes [25] . In addition, it can be directly cytotoxic for endothelial cells [6] . All these events could convincingly be involved in the pathogenesis of diabetic complications. This hypothesis is strongly supported by the recent demonstration that the increased apoptosis of myocytes, endothelial cells and fibroblasts from heart biopsies from diabetic patients is selectively associated with the concentration of nitrotyrosine found in those cells [26] . Furthermore, the presence of nitrotyrosine in atherosclerotic lesions suggests that ONOO -production could be involved in atherogenesis [27] , and it is well know that atherosclerosis is particularly frequent in diabetic patients.
It should be noted that the quantification of plasma nitrotyrosine by ELISA takes into account a mixture of plasma proteins and that, because proteins contain more than one tyrosine residue, nitrosylated proteins will contain a variable number of nitrotyrosyl groups whose affinity for the antibody could differ. This method cannot, therefore, define the type of plasma protein preferentially nitrosylated in diabetic subjects nor can it measure the precise degree of protein nitrosylation. Nevertheless, in our opinion, these limits do not diminish the relevance of finding nitrotyrosine in the plasma of all diabetic patients which was not detectable in control subjects. This means that nitrosylation of proteins is an active process in diabetes. Although our ELISA method could be considered a semi-quantitative measure of protein nitration, the direct correlation we found between glycaemic values and nitrotyrosine concentrations suggests that nitrotyrosine could at least be a marker of hyperglycaemia-related oxidative damage in diabetic subjects, while a recent study has shown that nitrotyrosine could be even more than so, being directly harmful to endothelial cells [28] .
In conclusion, the evidence that circulating nitrotyrosine is present in the plasma of diabetic patients supports the hypothesis that oxidative stress is present in diabetes [2] , and suggests an important contribution of ONOO -over-generation to this phenomenon.
